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料，XRD 以及晶胞参数计算结果表明，当 x≤0.3 时，可能形成固溶体结构，与
Li2MnSiO4同构都为正交晶系 Pmn21 空间群；但是当 x≥0.5 时，则为
Li2CoxMn1-xSiO4 与 Li2CoSiO4 的两相混合物。 
2 Co的加入可以有效的提高Li2MnSiO4/C的放电容量，10 mAg-1电流密度下，
放电容量从 70 mAhg-1（Li2MnSiO4/C）提高至 105 mAhg-1（Li2Co0.3Mn0.7SiO4/C）；
在较大电流密度下（50 mAg-1），Li2MnSiO4/C 的首圈放电容量相对于小电流密度
（10 mAg-1）衰减了 55.6%，而 Li2Co0.3Mn0.7SiO4/C 放电容量仅仅减少了 26%，
说明 Co 的掺入可以大大提高 Li2MnSiO4/C 的倍率性能。但是系列材料的循环性
能并没有明显的改善。 
3 循环伏安（CV）测试结果表明，Co 的掺入可以有效降低充电过程中的极
化，有利于 Li+的脱出；通过交流阻抗（EIS）的实验结果发现，随着 Co 的加入，
代表传荷阻抗的半圆逐渐减小，并于 x=0.3 时达到最小。以上结果都证明了 Co
的掺入可以有效提高 Li+的脱嵌和迁移能力。 

















5 Li2FeSiO4/C 在 10 mAg-1 的电流密度下首圈放电容量为 110 mAhg-1，随着
Mn、Co 部分取代 Fe，Li2Co0.1MnxFe0.9-xSiO4/C 的放电容量都出现了减少，并且
材料的循环稳定性也随着 Mn 含量的增多而变差，这可以归因于 Mn3+的
Jahn-Teller 效应。 
6 通过充放电实验及循环伏安曲线测试比较发现，Li2Co0.1MnxFe0.9-xSiO4/C
系列材料随着 Mn 含量的增加，充电平台相对于 Li2FeSiO4/C 都有所上升，而放
电平台却逐渐降低，即充放电过程的极化增大，推测其原因可能是 Li2MnSiO4/C
固有的电导率较低，取代导致 Li2Co0.1MnxFe0.9-xSiO4/C 系列材料电荷、离子的迁
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Abstract 
With the exploitation of new energy sources and rapid development of electronic 
technology, the need for portable power sources has increased dramatically and the 
requirements for Li-ion battery with excellent performances become priority. 
Orthosilicates(Li2MSiO4) as one kind of poly-anion materials allow two 
lithium-exchange and have theoretical capacity as high as 330 mAhg-1. The SiO4 
helps to stabilize the framework、improve the thermal stability and safety of these 
materials. The elements are all naturally abundant and not expensive which make 
them promising candidates of cathode materials for new generation. 
Li2CoxMn1-xSiO4(x=0.1、0.3、0.5) and Li2Co0.1MnxFe0.9-xSiO4(x=0.1、0.2、0.3) 
have been successfully prepared through hydrothermal assisted sol-gel process and 
ball-milling method. X-ray diffraction (XRD), scanning electron microscope (SEM) 
are used to identify the structure and morphology. The electrochemical performances 
of these materials have been tested by Cyclic voltammetry(CV) 、 EIS and 
charge-discharge process. We also make a comparison with Li2MnSiO4 and Li2FeSiO4 
in structure and electrochemical properties. The main results are summarized as 
follows: 
1 X-Ray diffraction and calculations of space parameters of Li2CoxMn1-xSiO4 
show that solid solutions can be achieved with the same space group of Li2MnSiO4 
(Pmn21) when x≤0.3, but when x≥0.5, it become the admixture of Li2CoxMn1-xSiO4 
and Li2CoSiO4. 
2 The initial discharge capacity of Li2Co0.3Mn0.7SiO4/C greatly increases to 105 
mAhg-1 from 70 mAhg-1 of Li2MnSiO4/C when we replace Mn partially with Co; At 
relatively bigger current density of 50 mAg-1, Li2MnSiO4 can only hold 44% of the 
capacity gets at 10 mAg-1, but the decay of Li2Co0.3Mn0.7SiO4 is 26% when we 
increase current density from 10 mAg-1 to 50 mAg-1. All the results above tell that Co 
can improve the rate performances of Li2MnSiO4. 
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reduce the polarization, making the extraction reaction of Li+ much easier; In the 
meantime, EIS can get the results that the charge transfer resistances decrease when 
we add Co and reach the minimum when x=0.3. From both results we may get the 
conclusions that Co can enhance the insert-extract ability of Li+. But no result of 
improving the cycling performances is obtained yet. 
4 Li2Co0.1MnxFe0.9-xSiO4 solid solutions can be obtained with the same structure 
and same space group of Pmn21 as Li2FeSiO4 when x=0.1、0.2、0.3. 
5 The initial discharge capacity of Li2FeSiO4/C is 110 mAhg-1, but when we 
replace some Fe with Mn and Co, the capacities decrease and cycling performances 
become worse due to the Jahn-Teller effect of Mn3+. 
6 The charge-discharge performances and CV curves of Li2Co0.1MnxFe0.9-xSiO4/C 
show higher charge voltages and lower discharge voltages compared with that of 
Li2FeSiO4/C, in other words the replacement of Fe with Mn and Co results in bigger 
polarizations. It suggests that since Li2MnSiO4 has relatively smaller electronic 
conductivity compared with that of Li2FeSiO4, so the more the amount of Mn added, 
the more difficult for electron transfer, which may results in bad electrochemical 
performances of the doped silicate materials. 
. 






























锂离子电池是 20 世纪 90 年代在锂金属二次电池的基础上发展起来的一种锂







工作者们进行了坚持不懈的研究。20 世纪 80 年代末 90 年代初，提出以两种不
同嵌入化合物为正负极的“摇椅式”电池概念，并且发现过渡金属氧化物和碳材
料可以作为可逆的锂离子嵌入脱出材料[3-5]，这就是我们今天所说的锂离子电池。
1980 年 Goodenough 等提出以 LiCoO2 作为锂二次电池的正极材料[4]，1985 年发
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